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CHAPTER 4
Pl LOT- SCALE TESTS
4-1. Introduction. Wth respect to pilot-scale testing, this EM suppl ements

and updates detail ed discussions of pilot testing found in the foll ow ng
references: EM 1110-1-4001, Soil Vapor Extraction and Bioventing; Air Force
Center for Environnental Excellence Test Plan and Technical Protocol for

Bi osl ur pi ng; and USEPA 600/ R-96/031, UST Corrective Action Technol ogi es:
Engi neering Design of Free Product Recovery Systems. These docunents each
provi de substantial guidance related to bench- and pilot-scale testing. Al
MPE pil ot testing should be planned and carried out in accordance with the
requi renents of EM 200-1-2 and 200-1- 3.

4-2. Pilot Testing Guidance.

a. bjectives. The prinmary objectives of typical MPE pilot tests are
listed as foll ows:

(1) Mass Renoval. A pilot test can be viewed as a denpnstration that MPE
can acconplish renmoval of contami nant mass at sufficient rates to denonstrate
that if carried out over a longer tinme period, MPE has the potential to achieve
significant remediation. This objective nmust be considered in the context of
the initial concentrations versus the remedial goals, and the length of the

pilot test versus the length of the remediation. It can be expected that rates
of mass renoval will decline sharply over tinme; thus, the rate observed during
the pilot test should not be expected to continue over a |long period. Indeed

once the nost readily-extracted fraction of the contaninant nmass is renoved by
advection, the diffusion-limted nass transfer that ensues typically causes
contam nant nass renoval to taper off to an asynptotic |evel

(2) Zone of Influence. A properly designed MPE pilot test will provide
i ndi cations of the vadose and saturated zone response to the application of
vacuum The effective zone of influence can be discerned through nonitoring a
variety of data, including pressures in soil gas nonitoring points, piezonetric
heads in monitoring wells and drive-point piezoneters, noisture content via
neutron probe access tubes, and tracer velocities/capture during injection of
gaseous and/or liquid tracers.

(3) Subsurface Soil Properties/Paraneters. MPE pilot tests provide
information on the nature and variability of site-specific subsurface
paraneters, such as air perneability, hydraulic conductivity, soil noisture
retention, and contam nant distribution.

(4) Discharge Concentrations/Design Paraneters. MPE pilot testing
provi des designers with an indication of the initial levels of contam nants in
extracted gas and liquid. These data may be used to specify treatnent
equi prrent and to prepare applications for discharge permts. |t nust be
remenber ed, however, that the early concentrations seen during pilot tests are
usual Iy the highest that will be seen over a |longer termrenedi ati on, unless
significant desaturation is anticipated to occur over tine, which may open
pat hways for air novenent and inprove mass transfer. In finer-textured, |ower-
permeabi lity settings, however, substantial mass renpval from desaturated
regions may not be a realistic expectation (Baker and G oher 1998).
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(5) Cost Estinmates. MPE pilot tests can help refine cost estimates for
full-scale systeminpl enentati on and operation. Cost estinates based on pil ot
tests may, however, include extra costs not necessarily related to full-scale
application (e.g., testing, analytical, ancillary equipnent, inappropriately
si zed equi pnent) .

b. Limtations of Pilot Studies.

(1) One cannot expect to achieve renedial goals (RGs) or to establish
long-termtrends in mass renoval during a typical short-term MPE pilot test.

(2) One can expect to determ ne whether appropriate physical conditions
can be established that will, over time, be conducive to achi evenent of RGs.

(3) Although nass renoval may be included as a test objective, prior
specification of a percentage renoval should be avoi ded unl ess such a goal has
al ready been established based on | eaching studies, fate and transport
nmodel i ng, and/or risk assessnment. For exanple, although >90% mass renoval nmay
not be realistically achievable even within those zones targeted for MPE
| eaving a certain | esser percentage of the contam nant mass in the subsurface
following active renediation may still be sufficiently protective, if its
potential contribution to groundwater contam nation is |ow enough to be
consistent with RGs. Quantifying the initial contam nant mass in place is
usually difficult, due to sanpling |losses/errors and i nherent spati al
variability in contam nant distribution. Thus, attainnent of a specified
percent age nass renoval can be very difficult to confirm and may not
constitute a reliable pilot test objective.

c. Preparation and Pernmits. Prior to perfornance of pilot testing,
certain preparations nust be made. A work plan of activities to be perforned
shoul d be prepared for involved parties prior to conducting the pilot test.
The work plan is vital for specifying test objectives, the range of operating
conditions, and paranmeters to be nonitored, including the |ocations, nethods,
and frequency of measurenments to be taken. The work plan often is reviewed by
regul atory agencies and forns the basis for the contractor scope of services.
A Site Safety and Health Plan (SSHP) is required prior to conducting the work
to assure safety of all on-site workers. A detailed discussion of safety is
included in paragraph 9-4. A schedul e showi ng critical tasks and the various
phases of the work should be included. A materials list for necessary
equi prent and supplies should al so be prepared. Necessary permts (paragraph
9-2b), as applicable, nust also be obtained for pilot systeminstallation and
di scharge streans. Permtting requirenents will vary depending on testing
| ocation, but may include electrical and nechanical permts for system
installation, and air and water discharge permts.

d. Equipnent. Mst pilot systens are installed for tenmporary operation
only. Conpact equipnent and treatnment units that can be easily connected are
extrenely beneficial, especially when operating within a high traffic area with

limted access and avail abl e space (e.g., gasoline station, |oading dock). 1In
sone cases, however, pilot testing may represent the first phase of a staged
i npl ementation at the site. 1In this case, it nmay be desirable to oversize the

equi prent and equi pnment shelters in anticipation of future phases of the
proj ect.

(1) Extraction Wells. During pilot testing, existing nonitoring wells may
be used as extraction wells if they are in proper condition (e.g., well casing
not cracked; well seal and well head intact) and appropriate to the task (e.g.,
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sufficient diameter; and with properly positioned screen interval). O herwi se,
new wel | s nust be installed. Materials of well construction nust be conpatibl e
with the contam nants present. Note, for exanple, that PVCis not conpatible
wi th nost chlorinated sol vents when they are present as pure product. PVC

pi pi ng can, however be used with chlorinated sol vents when di ssolved in water
at concentrations in the parts per mllion range. Many el ectrical subnersible
punps require a mnimmwell diameter of 10 cm (4 in). Figures 4-1 and 4-2
show typical extraction well set-ups for DPE and TPE, respectively.
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Figure 4-1. Dual-Phase Extraction Well. (After EPA 1995)
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Figure 4-2. Two-Phase Extraction Well. (After EPA 1995)
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Figure 4-3. Process Flow Diagram of TPE Pilot Study Equipment (Radian International 1997)
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separator and treated using an appropriate process (e.g., carbon adsorption)
prior to discharge. Another option during a short-duration pilot test is to
store extracted liquids tenporarily in a tank (e.g., fractionation tank) and
have the contents renoved and treated off-site at the end of the test. Due to
the high extraction velocity of liquid during TPE, there is a tendency for
water and NAPL to formenulsions. This can have an inpact on the sel ection of
equi prent used for treatnment of extracted |liquid, as nore el aborate neasures
(e.g., polynmer addition) may be required to separate the enul sion. Extracted
gas nmay also require treatnment depending on |local air em ssion regulations and
expected off-gas concentrations. Typically, vapor phase activated carbon or a
catalytic or thernmal oxidizer is used to treat extracted gas prior to its

di scharge to the atnosphere

(4) Monitoring Points.

(a) Monitoring points used for measuring subsurface response to MPE nust
be strategically placed surrounding the MPE well. A typical configuration of
nonitoring points is at varying distances fromthe MPE well and al ong 90°, 120°
or 180° radials fromthe extraction well depending on variability of subsurface
soil s and budgetary constraints. This placenent offers an inproved |ikelihood
of obtaining representative data points conpared to installation of all points
along the same radial, in which case it is possible that all may fall in a zone
that is unrepresentative of the subsurface formation. Further information on
pl acenment and installation of nmonitoring points can be found in EM 1110-1-4001,
Soi | Vapor Extraction and Bioventing, Chapter 4, Bench- and Pilot-Scale Testing
for SVE and BV, and Peargi n and Mohr (1994).

(b) MPE nonitoring points are typically installed as nested pairs of
pi ezoneters, one shall ow and one deep. The shallow point is used to nonitor
changes in vadose zone gas pressure and gas concentration (e.g., oxygen, when
an objective of the renediation is to enhance aerobi c bi odegradati on of
contami nants), and the deep point is used to nonitor water table el evation and
LNAPL t hi ckness changes, if applicable. Existing nonitoring wells screened
across the water table (i.e., in the saturated and vadose zone) can be
converted to nonitoring points using conpression seals. Care nust be taken
however, to seal the tops of all nonitoring points fromthe atnosphere to
prevent short-circuiting of air. This is typically done by installing a valve
at the top of the nmonitoring point that is nornmally closed but can be opened
when a neasurenent is taken. 1In addition, nonitoring points having narrow
(discrete) screen intervals are preferable over those with |Iong screen
interval s, because the latter are nore apt to intercept preferential flow
pat hways and thus reflect conditions wthin such pathways, rather than within
the soil matrix. Deep nonitoring point screens, however, nust, be |ong enough
to cover expected changes in water/LNAPL |levels. Monitoring points may al so
i ncl ude neutron probe access tubes to enable nonitoring of changes in liquid
saturation. Mnitoring strategies for MPE pilot tests are simlar to those
used during SVE. A discussion of SVE nonitoring strategy can be found in EM
1110- 1- 4001, Soil Vapor Extraction and Bi oventing, Chapter 4.

e. Pilot Test Monitoring Methods.
(1) Above-ground Vacuum and Fluid Fl ow.

(a) Above-ground vacuum Measurenents for above-ground vacuum are
typically taken in two places: at the MPE well head and at the inlet to the
above-ground pilot system equi pnent (e.g., imediately upstream of the
gas/liquid separator). The vacuumdifference between the extraction equi pnent
and the well head provide an indication of the pressure drop over the
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conveyance pi pi ng. Vacuum neasurenents taken at the well head give an

i ndi cation of the vacuum being applied to the vadose zone. However, the vacuum
applied at the drop tube or well head nmay be significantly different than the
i nl et vacuum because much of the vacuum applied to the drop tube or well head
is lost due to the energy expended in lifting liquid fromthe well and due to
piping friction | osses. These |osses can vary significantly dependi ng on the
type and size of equi pnent used. As an exanple, a | ow capacity vacuum punp
used in a noderately perneable soil nmay produce a high water/air ratio. This
i s because a high water production is obtained fromthe formation, which causes
the drop tube (in TPE) to be mainly filled mainly with water, causing |ow
airflow The resulting high line loss due to the lifting of water can cause,
in turn, a low applied vacuumon the subsurface (Peargin 1998). In this case
it may be nore viable to use DPE rather than TPE, since, in order to nmake the
latter successful, a higher capacity vacuum punp that can handl e the extracted
water, along with producing significant airflow, nay be required, increasing
costs significantly. The vacuum neasurenent at the aboveground equi pnent wil |
give data indicative of the amobunt of vacuum that the vacuum punp or bl ower
must be capabl e of producing to achieve the desired results. However, it is
typically nore useful to know what the vacuumat the well head is (rather than
at the pilot systen), in order to determ ne the size of the blower/punp that
will be required for full-scale operation. It should be noted that there are
various ways to adjust the applied vacuum such as opening a dilution or
anbient air intake valve to adjust the applied vacuum al ong t he bl ower curve,
or using a variable speed drive (refer to paragraph 5-6f(8). Variable speed
drives allow nore flexibility because the vacuum can be adjusted over a bl ower
area (i.e., a set of vacuumversus flow curves that ranges over various
frequenci es of operation) rather than just along a single vacuum versus fl ow
curve.

(b) Above-ground gas flow rate during TPE. Measurenent of the extracted
gas flowrate is perforned using appropriate neasuring devices during TPE
Measurement of gas velocity is typically performed using a Pitot tube, hot-wre
anenoneter, venturi meter, or other appropriate device positioned downstream of
the point where liquid is renmoved fromthe extracted gas stream Measurenent
of the flow of dilution or bleed-in air nmust also be nade in order to calculate
subsurface airflow and, dependi ng on where neasurenents are taken, the mass of
contam nant renoved (paragraph 4-2e(3)). Due to the high vacuum applied to the
gas stream (or high pressure and possibly tenperature if flow measurenents are
taken on the positive side of the blower), gas flow or velocity neasurenents
must be corrected to standard tenperature and pressure conditions in order to
make data conparisons. Measurenents can al so be corrected for relative
hum dity. However, this is generally not necessary because flow corrected for
humidity is usually within one percent of the uncorrected val ue

(c) Above-ground liquid flow rate during TPE. Measurenent of extracted
liquid flowis perforned by neasuring the volune of liquid that is discharged
fromthe gas-liquid separator over a given tine interval (e.g., recording the
flowrate of water punped fromthe separator). It should be noted that the
above |isted nethods of measuring gas and liquid flow are applicable after the
nul ti-phase streans fromindividual TPE wells are conbined into a single nulti-
phase stream and |later separated into the conponent single-phase streans.
During TPE, it is not practical to measure flow of gas and liquid from
i ndividual wells, due to the inpossibility of isolating these two streans
within the same conduit. It can be of value, however, to nmake qualitative
observations of the relative proportion of gas versus liquid flowin a
transparent section of the lateral fromeach well.

(d) Above-ground fluid flow during DPE. During DPE, measurenents shoul d
be taken from both individual wells and fromthe conbi ned gas and |iquid
streans enmanating fromnultiple wells. This is possible because liquid and air
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are extracted in separate conduits. Again, when gas flow nmeasurenents are
made, the dilution airflow nust al so be neasured, and neasurenents must be
adjusted to standard conditions.

(2) LNAPL Recovery.

(a) Instantaneous LNAPL recovery rates are difficult to nmeasure because
nost sites do not produce a | arge enough vol ume of NAPL. Total accumul ated
LNAPL vol unes can be neasured easily depending on the type of pilot system
used. In a typical system LNAPL drains fromthe LNAPL/water separator into a
storage tank. LNAPL vol une can be neasured fromthis storage tank with a sight
glass or by recording the total volume of LNAPL each tine the product storage
tank is punped. The volune of LNAPL recovered should be nmeasured at | east
daily during pilot tests.

(b) 1In cases where enulsions formfromthe high velocity created by the
punmp, especially in diesel fuel applications, NAPL vol unmes can be estimated
based on the concentration of the NAPL present in the enul sion (Keet 1995).

(3) Contanminant Mass Renoval . Contami nant mass renoval is cal cul ated by
multiplying the flowrate of gas or liquid extracted fromthe subsurface by the
correspondi ng contam nant concentration in the gas or liquid stream \Wenever
possi bl e, neasurenents of gas contami nant concentrations should be taken from
the sane location (i.e., sane side of the vacuum punp) as the flow measurenent,
al t hough nmass cal culations can still be nade if gas flow rates are corrected
for dilution factors and standard conditions. Sanples of both gas and liquid
shoul d be obtained (if possible) fromtheir associated stream prior to contact
with pilot test equiprment. This will prevent cross-contam nation fromresidue
remai ning within the equi pnent fromprevious pilot tests. This can be
especially difficult in the case of the liquid stream because the water and
NAPL remain in a conbined streamuntil after the NAPL/water separator. 1In this
case, the separator should be properly decontani nated, or the sanple should be
taken fromthe MPE wel|.

(4) Vacuum I nfl uence (Unsaturated Zone).

(a) Vacuuminfluence within the unsaturated zone can be nonitored using
soil gas probes connected to differential pressure gauges, which neasure the
di fference between the pressure applied to the gauge and at nospheric pressure
(i.e., they read “gauge” pressure). These readings, along with know edge of
the effective air perneability, are often the principal indication of the zone
of influence (ZA) surrounding an MPE well. Explanations of why ZO, defined
as the zone of effective air exchange, is preferable to reliance on the radius
of pressure influence are given in EM 1110-1-4001, Soil Vapor Extraction and
Bi oventing, Chapters 4 and 5. The procedure used to calculate the fl ow
vel ocity between nonitoring points and the pilot test extraction well is given
in Soil Vapor Extraction and Bioventing EM 1110-1-4001, Chapter 4. This
velocity can then be used to estimate travel tinme (EM 1110-1-4001). The
desi gner nust determ ne, based on the site and cl eanup objectives, what a
reasonabl e travel tinme will be in order to neet these objectives. |In the case
where several wells are used for extraction during MPE pilot tests, nodeling
may be required in order to nake a determination of the zone of influence.

(b) Changes in soil gas pressure in the vadose zone can also result from
baronetric pressure changes. R sing or falling baronmetric pressure caused by
t he passage of weather systens, for exanple, should be noted and considered in
the interpretation of mnor changes in subsurface vacuum Baronetric pressure
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can be measured using a portable instrunment, or a record of |ocal data can
usually be readily obtained froma nearby mneteorol ogical station

(c) Installation of soil gas nmonitoring points in silty-clay and cl ayey
soils using direct push technology may have a tendency to result in snmearing of
the soil that is in contact with the probe. Wen sealed in this way, the soi
can appear to be less transmssive than it actually is. Soil gas nonitoring
points installed with drill rigs can sonetines have faulty (i.e., |eaky) well
seal s, whereby the soil can appear to be nore transm ssive than it actually is.
A brief round of pressure testing of each nonitoring point, regardl ess of
nmet hod of installation, is recormended before the pilot test (to ensure its
integrity and ability to transmt an adequate anmount of airflow) and again
after the pilot test (to determ ne whet her desiccation cracks have changed its
integrity). Pressure testing of this type is described in Peargin and Mhr
(1994). Exanple results obtained frompressure testing of 6 shall ow
pi ezoneters installed to depths of approximately 3 feet (1 m) bgs at the Lake
Cty Army Ammunition Plant (LCAAP) indicated that three of the piezoneters
showed high air perneability with applied pressure dissipating into the
formation in 8 seconds or less. Two of the piezoneters showed |ow air
pernmeability with pressure remaining in the piezoneter after 60 seconds. One
pi ezonmet er appeared to be clogged, with pressure of 60 kPa (9 psi) versus
initial pressure of 68 kPa (10 psi) remaining in the probe after 460 seconds
(Radi an I nternational 1997).

(d) Measurenents of vacuuminfluence, coupled with nmeasurenments of applied

vacuum and airflow at the MPE well, can be used with an appropriate solution to
calculate the effective air perneability at the prevailing noisture content of
the soil. For guidance on performance of such tests, see EM 1110-1-4001
Appendi x D.

(5) Drawdown and Upwel |ing.

(a) The response of the water table to MPE is an inportant indication of
the influence of MPE on the saturated zone. Drawdown is nonitored by pl acenent
of pressure transducers at fixed depths in nonitoring wells screened across the
water table. Drawdown is the hydrostatic head measured at such transducers
prior to MPE, |ess that measured during MPE.

(b) Measurenents of drawdown, coupled with nmeasurenments of liquid flow,
appl i ed vacuum and el evation head at the punp inlet, can be used with an
appropriate analytical solution to estimate the transm ssivity of that portion
of the formation that is intersected by the well screen.

(c) Note that drawdown neasurenents indicate the position of the
pi ezonetric surface; they do not necessarily suggest that the soil above that
surface is unsaturated or dewatered. Liquid saturation in the soil above the
water table is governed by the capillary pressure that results fromthe vacuum
being applied to the soil, relative to its capillary pressure-saturation
rel ati onship. Any pressure device used to nonitor the degree of upwelling in
the vicinity of an MPE well nust be zeroed to the vacuumin the soil gas rather
than to atnospheric pressure at the ground surface (In Situ, Inc. 1993; EM
1110- 1- 4001, Soil Vapor Extraction and Bioventing, Chapter 4). Refer to
paragraphs 2-5e and 4-2e(4). By contrast, the vacuum applied to the subsurface
does not affect the piezonetric surface, because any additional head of water
above the pressure transducer (resulting fromupwelling) is reduced by the
vacuum bei ng experi enced above the water table. In vacuumas in non-vacuum
applications, the piezonetric head at any point below the water table is, by
definition, sinmply the difference between the pressure side of a differentia
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transducer positioned at that point and atnospheric pressure. Figure 4-4

di spl ays the piezometric surface in a two-phase and dual - phase extracti on well
where MPE is applied. Note that the gauge pressure, P, observed at the
pressure neasurenent point is the height of the water colum above the

nmeasur enent point, |ess any applied vacuum experi enced above the water. The
gauge pressure at any point in the formation is zero (i.e., the pressure is in
equilibriumw th atnospheric pressure) if, and only if, the height of the water
colum above that point is equal and opposite to the vacuum bei ng experienced
in the vadose zone above the water. This set of points is the piezonetric
surface.

(6) Monitoring Saturation.

(a) It is highly useful to nonitor soil noisture content (or liquid
saturation) during MPE pilot tests, and thereby be able to better understand
the degree to which the technology is able to dewater the soil and enhance
airflow Although soil sanples could be collected for gravinetric
determ nation of noisture content, inplenentation of a repeatable, non-
destructive techni que such as neutron thermalization is strongly recomended
for this purpose. |Its use in this respect is referenced in EM 1110-1-4005,
Chapters 3 and 4.
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P,, = pressure of water above measurement point
Py = density of water
g = acceleration of gravity
Piezometric surface is the loci of points at which water pressure
is in equilibrium with atmospheric pressure
Soil properties for (a) and (b) are not necessarily the same.

Figure 4-4. Piezometric Surface Under Application of MPE. (See paragraph 5-2e(5))
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(b) Installation of neutron probe access tubes extending to the el evation
of the bottomof the MPE well screen, at several |ocations within each pil ot
test area, plus at one or two |ocations beyond the expected ZO of the pil ot
tests, enables soil noisture content to be profiled prior to and several tines
during an MPE pilot test. The neutron probe detects |iquid content over a
vol ume that extends approximately 20 to 50 cm (8 to 20 inches) out into the
formati on beyond the radius of the access tube itself. Thus the device
neasures the in-situ liquids content and indicates where the capillary fringe
is located and where airflow is possible. Were both water and NAPL are
present, since both are hydrogen-rich, they are indistinguishable by the
device, which is sensitive to hydrogen content. Nevertheless, it does provide
an accurate measure of total liquids content (i.e., saturation), and by
subtraction fromthe initial, pre-MPE lIiquids content (which we may presune is
fully saturated below the capillary fringe), indicates the air-filled porosity
caused by MPE. Figure 4-5 presents saturation data obtained for two MPE pil ot
tests conducted at separate operable units at LCAAP (Radi an International 1997
Baker and Groher 1998). O her techniques such as time domain reflectonmetry
(TDR) can al so be used to determ ne changes in soil noisture content (d ayton
et al. 1995).

1 1
2 | 2]
§ 3. 3]
©
cooleee At
E Start
e
= a) OU18 — After ) b) NECOU —
& 41 typical relative ——3Days | minimal -
reduction in - changes in
moisture Af moisture
; ter
content is - content
51 < 4%. 7Days; S- evident.
a’
] . r - : 6 T . . :
24% 26% 28% 30% 32% 34% 28% 30% 32% 34% 36% 38%

M980355

Figure 4-5. Moisture Profiles at LCAAP a) 4 ft (1.2 m) from the OU18 MPE well, and b) 5 ft (1.5 m) from the
NECOU MPE well. (Radian International 1997; Baker and Groher 1998. Reprinted by permission of Battelle
Press. Copyright 1998. All rights reserved.)
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(c) Care should be taken, during installation of the neutron probe access
tubes, to avoid changing the density and thus the noi sture-hol di ng
characteristics of the soil within the zone that will be sensed by the neutron
probe. Either increases (due to conpaction resulting fromdriving a probe) or
decreases (resulting, for exanmple, fromcollapsing the formati on agai nst the
tube) are undesirable and should be avoided to the extent possible. A
recomrended techni que appropriate for fine-textured, non-stony soils is to use
drill casing (preferably 2-inch dianeter) to pre-bore a hole the sane di aneter
as the access tube via drive and wash nethods, after which the carbon stee
access tube can be pushed directly into the boring.

(d) Soils targeted for MPE are typically mediumand/or fine in texture.
It may not be possible to desaturate such soils to a substantial extent.
Recent research, including results fromseveral USACE pilot tests, indicates
that silty-clay and clay soils will resist undergoing any significant
desaturation during MPE (Baker and G oher 1998).

(e) Capillary pressure-saturation curve neasurenments can be used both to
estimate the ability of MPE to desaturate soil and to help explain the results
of MPE pilot tests (Baker and Groher 1998). It is reconmended that a
representative nunber of intact soil cores be collected during the installation
of the MPE wells, neutron access tubes, and/or adjacent nonitoring points at
dept hs representative of zones that are targeted for dewatering. Bulk density
(ASTM 2850) and grain size distribution (ASTM D422) shoul d be determ ned for
each core as quality assurance neasures. Capillary pressure-saturation curves
provide an indication as to what |evel of vacuum at equilibrium needs to be
exerted within the formation to reduce the water saturation to a desired
degree. It may not be feasible to exert a high enough vacuum on fine-textured
soils, because capillary forces tend to hold water in such soils so
tenaciously. However, if pilot test data shows that the soils can be dewatered
to sone degree, these data can be used to evaluate the feasibility of
dewat eri ng over an expanded area during full-scale renmediation. In addition
such data, if collected nore widely fromother |ocations within the site, can
provide a way to extrapolate the results frompilot test |locations to
addi ti onal prospective MPE | ocati ons.

(7) Use of Tracers. Tracer gas tests enploy gases not naturally occurring
i n unconsol i dat ed sedi nent, such as sul fur hexafluoride or helium to indicate
rates of subsurface gas flow Ildeally, the selected tracer gas closely
approxi mat es the aggregate physical and chem cal characteristics of the ngjor
compounds present in air, such as their solubility and density (nolecul ar
weight). During an MPE pilot test, tracer gas may be injected at one or nore
soil gas nonitoring points. Equipnment required is described in EM 1110- 1- 4005,
Chapter 4. 1In the case of MPE, sanples would be collected downstream of the
gas-liquid separator at a location where airflow, tenperature, and vacuum are
al so being nonitored. The resulting record of tracer concentration as a
function of time can be interpreted to indicate the spatial distribution and
velocity of subsurface airflow resulting from MPE, and can indi cate whether or
not preferential flowis dom nating subsurface airfl ow

f. Reports.

(1) In order to develop a useful report for use during full-scale design
appropriate data nust be collected in the field. It is inportant to consider
the mai n objectives of the MPE application in order to ensure collection of the
proper field paraneters. Based on whether the main objective of MPEis to
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enhance NAPL recovery, SVE or BV, or groundwater recovery, there are different
paraneters the pilot system operator should be observing. These paraneters
will also vary dependi ng on whet her a two-phase or dual - phase node MPE
operation is being enployed. Table 4-1 displays required paraneters to obtain
during TPE and DPE applications based on which of the three nain objectives the
operation is based on (i.e., enhance NAPL recovery, SVE/ BV, or groundwater

recovery).
TABLE 4-1
Data Collection and Purpose of Collection During MPE Pilot Tests
Two- Phase Extraction Dual - Phase Extraction
Goal LNAPL SVE/ BV GV LNAPL SVE/ (e Uses/ Conment s
Par anet er Recovery Recovery | Recovery BV Recovery
Gas phase nass X X I ncrease at hi gher
renoval appl i ed vacuumi s
favorabl e
Extract ed X X Chserve ratios at
LNAPL/ water ratio different applied
vacuum sett i ngs
G oundwat er (X (X X (X (X) X I ncrease at hi gher
extraction rate appl i ed vacuumis
favorabl e
Drop tube depth X X X Chserve change in
setting recovery rates at
varyi ng dept hs
Water table X X X X I ndi cati on of zone of
el evati on changes punpi ng i nfl uence
Depr essi on may
increase gravity
gradi ent for LNAPL
flowto well.
Vadose zone X X G ves an indication of
pressure changes the zone of influence
G oundwat er mass X X X X I ncrease may indicate
renoval punpi ng from source
ar ea
Q, CQ, CH in soil X X I ndi cati on of
gas bi ol ogical activity in
bi osl ur pi ng
applications
X = Requi red paraneter
X) = Qptional paraneter
(2) The data displayed in Table 4-1 are used to determ ne essential design

paraneters such as air perneability, hydraulic conductivity, and changes in
saturation over tinme. Air perneability, along with zone of influence within

t he vadose zone (an especially useful paraneter in cases of SVE enhancenent)
can be estinmated as described in EM 1110-1-4001, Soil Vapor Extraction and

Bi oventing, Chapter 4 and Appendix D. Hydraulic conductivity is usually
nmeasur ed through standard hydraulic testing (e.g., punping test, recovery test,
slug test, etc.), although it may be possible to utilize data collected during
an MPE pilot test to estimate hydraulic conductivity. 1In the enhanced- SVE MPE
pilot test exanple that is presented later in this chapter (from Radian
International 1997) the authors chose to enploy, for that purpose, a

mat hemat i cal solution for analysis of recovery test data. They adopted the
assunption that any vacuumthat existed in the formation during the MPE pil ot
test woul d di ssipate quickly upon cessation of vacuum and that they could
therefore ignore any lingering vacuumeffects and fit a hydraulic nodel to the
di st ance-drawdown recovery data. Peargin and Mhr (1994) indicate it may take
several nonths for vacuumto propagate into |low perneability soil, nuch | onger
than the duration of a typical pilot test. This is illustrated on Figure 4-6.
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One shoul d neverthel ess eval uate whet her such an assunption is appropriate on a
site-by-site basis.

Extraction well 0.8 atmos.

- 0000000, IO Yy
1 Lhnn °°oo x’x‘ Isotropic vadose zone
0.999 1 Uu oo Sandy Sitt x  Monitoring pt 1.5 DTW
" ':'D ® k=0.1 Darcy *.:'
E 0.998 + /.‘D b/ /x
s o e Sifty Clay x
wn o
o 1 [umy Sand - - X
E 0.997 k=1 Darcy Un \ k=0.001 Darcy -
< — = s e,
0.996 + e FORIRX
0.995 + t —~ } t —
0.1 1 10 100 1000 10000 100000

Time (hours)

Figure 4-6. Transient Vacuum Propagation. (Peargin and Mohr 1994. Reprinted by permission of National
Ground Water Association. Copyright 1994. All rights reserved.)
(DTW = depth to water table)

(3) Figure 4-7 is an exanple of a typical field data collection sheet for
a bioslurping/ MPE pilot test. Typical data collected include: recovered LNAPL
vol urme, recovered air and water flow rate and contam nant concentrations (for
cal cul ation of mass renoval ), vacuum i nfluence over distance fromthe
extraction well, LNAPL thickness and groundwater elevation changes, and vadose
zone oxygen and carbon di oxi de concentrations (for indications of biologica
activity). Data collected fromthe field are typically tabulated in a
spreadsheet program Tables and graphs are then generated fromthe data to
assist in evaluation of the effectiveness of the pilot study.

(4) Pilot study reports should include a summary of testing objectives and
procedures, a summary and di scussion of results, feasibility determ nation, and
considerations for full-scale system design.

(5) Exanple tables and graphs fromtwo separate pilot study reports are
i ncl uded as Tables 4-3 through 4-5 and Figures 4-8 through 4-12. Table 4-2
gives an overview of pertinent site information used in the exanple tables to
give the reader a better understanding of the data presented and lists the
tables and figures in this EMthat display the pilot test results. The sites
are a former industrial facility in Massachusetts and an Operable Unit (QUL8)
at Lake City Arny Amunition Plant (LCAAP) in M ssouri.
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BIOSLURPING/MPE TEST MONITORING SHEET

Facility Name Location
Collector Name(s):
Conditions:
Date: Start Time: End Time :
Vacuum Applied to System :
Depth of Drop Tube:
AMBIENT AIR INTAKE Flow : Temperature :
TOTAL FLOW Flow: Temperature :
GROUNDWATER TOTALIZER READING: gallons
VOLUME OF LNAPL RECOVERED:
CUMULATIVE VOLUME OF LNAPL RECOVERED:
PZ-1  Depth to Water: Free Product:
Shallow: 02: Co2: Pressure :
Deep: 02: Co2: Pressure :
PZ-2  Depth to Water: Free Product:
Shallow: 02: Coz: Pressure :
Deep: 02: Co2: Pressure :
PZ-3  Depth to Water: Free Product:
Shallow: 02: CO2: Pressure :
Deep: 02: o2 Pressure :
PZ-4  Depth to Water: Free Product:
Shallow: 02: COo2: Pressure :
Deep: 02: co2: Pressure :
PZ-5  Depth to Water: Free Product:
Shallow: 02: CO2: Pressure :
Deep: 02: coz2; Pressure :
“Background” Monitoring Well Pressure :
Blower Influent PID: Carbon Midfluent PID: Off-gas PID:

Comments/Observations:

M980283.eps

Figure 4-7. Example Field Data Collection Sheet.
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TABLE 4-2

Overview of Example Sites

Par anet er

ndustrial Site (MM

LCAAP QU18 (ND)

Primary Contamni nants

TPH (m neral and
heat transfer oil)

TCE, PCE, M BK, toluene

Soi |l Type Fill: boul ders and Alluvium silty clay
cobbles, till, and
bedr ock
Depth to Water Table (m 4.0 1.5
bgs)
Extraction Wel|l Screen 1.5t0 4.5 2.4to0 5.5
Interval (m
Extraction Well D aneter 10 10

(cm

Tabl e/ Fi gure Description

Cor respondi ng
Tabl e/ Fi gur e Nunber

Cor respondi ng
Tabl e/ Fi gur e Nunber

Qperating Condi ti ons Tabl es 4-3 and 4-4 Tabl e 4-5
Sunmar y

Cumul ative Liquid Figure 4-8 NA
Recovery

Vacuum | nf I uence at Figure 4-9° Fi gure 4-10
Moni toring Points

G oundwat er El evati on Figure 4-11° Figure 4-12
Changes

Not es:

NA = not applicable

Informati on from MA i ndustri al
Informati on fromLCAAP, MO site from Radi an | nternational
*Vacuum i nf | uence and water | evel

fromthe Squibb Mg. Site,

site from ENSR Corp. 1997

1997
data fromthese figures taken from ENSR Corp. 1996
PR (data on this site are presented in Tables 4-6 and 4-7).
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TABLE 4-3
Example Table (Fluid Data)
MA Industrial Site
Bioslurping/MPE Test: Groundwater/LNAPL Recovery Data
Source: ENSR Corporation 1997
Elapsed] Applied | Total Fluids Extracted Emulsion Free Total LNAPL
Date Time | Time Vacuum Extracted Flow Rate | as LNAPL || as Water Phase Recovered
(hrs) | (inches Hg) (gaht (gpm) (gal) (gal) JLNAPL (gahj(emuision + free|
: phase) gal
11/21/96] 10:50 0.00Y| 6.0 0.00 — 0.000 0.00 — 0.00
1121/96] 11:20 0.50} 6.0 30.50 1.02 0.050 3045 — 0.05
11/21/96] 11:50 1.00ff 6.0 69.20 1.29 0.064 38.64 — 0.11
11/21/96] 12:40 1. 6.0 95.10 0.52 0.043 25.86 — 0.16
11/21/96] 13:30 2. 6.0 151.50 1.13 0.083 56.31 —_— 0.25
11/21/96] 13:35 2.75 12.0 157.30 1.16 0.010 5.79 — 0.26
11/21/96] 14:05 3.25 12.0 181.70 0.81 0.040 24.36 — 0.30
11/21/96] 14:35 3.75) 12.0 209.20 0.92 0.045 27.45 — 0.34
11/21/96] 15.05 4250 120 236.30 0.90 0.045 27.06 — 0.39
11/21/96] 15:25 4.58] 12.7 245.30 0.45 0.015 8.99 — 0.40
| 11/21/96] 15:45 4.92] 12.0 263.20 0.89 0.029 17.87 — 0.43
11/21/96] 16:15 5.42 8.0 290.48 0.90 0.044 26.86 0.38 0.85
11/22/96] _ 8:30 9.67] = 525.08 - 0.386 23421 - 1.24
11/22/96] 11:40 9.67 9.0 528.93 — 0.008 3.59 0.25 1.50
11/22/96] 1210 10.17] 9.0 572.83 1.47 0.072 43.93 — 1.57
11/22/96] 12:40] 10.67 9.0 608.93 1.20 0.059 35.94 — 1.63
11/22/96] 13:10]  11.17 9.0 633.03 0.80 0.040 24.06 — 1.67
11/22/96| 13.40] 11.67 9.0 653.93 0.70 0.034 20.87 — 1.70
11/22/96] 14:00] 12. 8.0 669.85 0.74 0.024 14.78 1.13 2.85
11/22/96] 14:45] 12.7 12.0 702.65 073 0.054 32.75 - 2.90
11/22/96] 16:00]  14.00| 12.0 758.55 0.75 0.092 5581 — 3.00
11/23/96] 8.45] 30.75| 11.0 1315.15 0.55 0.916 555.18 0.50 4.41
11/24/96] 10:20]  56.33| 10.9 2023.95 0.46 1.167 707.63 — 558
11/25/96] 7:35] 77.58 9.9 2535.58 0.41 0.843 510.76 0.03 6.45
11/25/96] 10:50] 80.83} 10.7 2608.68 0.37 0.120 72.98 — 6.57
11/26/96] 8:50] 102.83} 15% 3186.38 0.44 0.952 576.75 0.13 7.64
11/26/96] 10:05 104.08] shutdown 3305.68 1.59 0.196 119.10 038 8.22
Total volume recovered (gal): 3305.68 — 5.44 3297.96 2.78 8.22
Notes:

*System down due to high tank condition in oil/water separator at approximately 20:30 on 11/21/96. The system was restarted

on 11/22/96 at 11:40.
tBased on totalizer readings. Evidence from emptying the fractionation tank indicates that totalizer may have been incorrect.
fIncreased applied vacuum on 11/26 believed to be caused by a rise in water table from rain and snow.
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TABLE 4-4

Example Table (Air Data)

MA Industrial Site
Bioslurping/MPE Test: Air Flow/VOC Data
Source: ENSR Corporation 1997

Elapsed i Applied Depth of jAmbient Ai Flow from | Blower Efluent
Time Vacuum Slurp Tube Intake Total Flow MW-25 FID Reading
Date | Time | (hrs) J (inches Hg) (ft)_ (scfm) (scfm) (scfm)t (ppmV)
[11/21/96] _10:50] __ 0.00§ 6.0 12.7 444 53.7 93 —
11/21/96]  11:20 050§ 6.0 12.7 39.8 52.8 13.0 —
11/21/96] 11:50 1.00f 60 12.7 38.1 53.1 14.9 3068
11/21/96]  12:40 1.8 6.0 12.7 35.2 54.3 19.1 6157
1121/06] 13:30 2. 6.0 12.7 35.2 54.0 18.8 6803
11/21/96]  13:35 27 12.0 12.7 4.1 342 30.1 -
11/21/96] 14:05 3.2 12.0 12.7 4.0 356 315 15880
11/21/96] 14:35 3.75)  12.0 12.7 4.0 35.8 31.8 14545
11/21/96] 15:05 425§ 12.0 127 4.0 35.0 31.0 17759
11/21/96|  15:25 458] 127 12.7 0.0 31.0 31.0 —
11/21/96]  15:45 4921 120 12.7 0.0 31.8 31.8 14372
1121/96] 16:15 5.4 9.0 12.7 0.0 41.3 41.3 10121
11/21/96] 20:30 8. * - * . » *
11/22/96] 11:40 9. 8.0 12.8 — — —_ —
1122/96] 12:10]  10.1 9.0 12.8 32.0 47.0 15.0 2911
11722/96] 12:40]  10. 9.0 12.8 277 476 19.9 4510
11/22/96]  13:10| 11.1% 9.0 12.8 26.8 487 21.9 4397
11/22/96] 1340 116 9.0 12.8 26.8 50.4 236 4493
11/22/96]  14:00] 12, 8.0 12.6 26.8 50.4 236 —
11/22/96] 14:45] 127 12.0 126 4.0 39.0 35.0 —
11722/96] 16:00] 14.000 12.0 12.6 0.0 36.6 36.6 9637
11/23/96] 845 30751 11.0 12.6 0.0 36.7 36.7 3193
11/24/96] 10:20 56.331 10.9 12.6 0.0 40.2 40.2 3263
11/25/96]  7:35] 7758] 99 12.6 0.0 428 428 2940
11/25/96] 10:50f 80.83 10.7 14.3 0.0 39.6 39.6 3616
11726796 8:50] 102.83  15% 14.3 0.0 37.0 37.0 6017
11/26/96] 10:05] 104.08§ shutdown — — — — —

Notes: * System down due to high tank condition in oil/ water separator at approximately 20:30 on 11/21/96. The
system was restarted on 11/22/96 at 11:40.
tBased on average groundwater extraction flow rates,
}increased appiied vacuum on 11/26 believed to be caused by a rise in water table from rain and snow.
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Actual Schedule Pump Inlet Data Wellhead Data Exhaust Vapor Cumulative Vapor
Day Time | Total | Temp | Vacuum Straw Casing Annulus | Aspiration | Temp | Pressure | Liquid Flow | Flow Rate
Hours | (°F) | (in.Hg) | Vacuum | Vacuum | Vacuum A;;elow CF) (psi) (gal) (cfm)

10/31/96 | 1550 0 36 0 o* 0 0 0 84 0 0 20
10/31/96 | 1615 025 40 225 14° 135 13.5 9 100 05 925 a7
10/31/06 | 1700 1 40 242 14° 149 14.7 9 110 05 195.1 16
10/31/96 | 1800 2 40 238 13.75" 15.25 15 as 107 05 38341 24
10/31/96 | 1900 3 40 245 14* 15.25 15 a5 105 05 498.8 26
10/31/96 | 2000 4 40 235 13.5° 155 15.2 95 102 05 647.6 26
10/31/96 | 2200 6 40 235 14° 155 15.5 9.5 107 05 896.4 28
10/31/96 | 2400 8 40 235 14 15.7 15.5 95 110 05 1,094.5 28
1031796 | 400 12 20 23 12.0° 155 15.2 95 105 05 15037 26
10/31/96 | 1000 18 40 237 14* 154 15 9 114 05 2,057.9 34
10/31/86 | 1600 24 40 23 13,5° 149 145 9 113 0.75 30413 37
10/31/98 | 2200 30 40 24 17° 19 185 0 110 05 44856 23
11/1/96 400 36 40 235 16.2° 18.9 18.2 0 110 05 8,742.6° 24
11/1/96 1000 42 40 24 18.2° 18 17.2 0 112 05 9,853 25
111/96 1600 48 40 245 16.5% 175 17 0 112 07 10,544.9 30
111/96 2200 54 40 225 14.5% 16 15.5 0 110 0.75 10,8992 35
11/2/96 400 60 40 22 13* 15 15.2 0 107 0.75 11,1955 3%
11/2/96 1000 66 40 25 14* 15.7 15 0 110 05 11,4813 35
11/2/96 1600 72 40 237 185 1586 N/AP 0 113 0.75 11,767.2 38
11296 | 2200 78 40 21 17 145 14 0 119 1 12,0252 42
11/3/96_| 400 84 40 212 17.5 14.7 14.2 0 113 1 12,2752 41
11/2/96 1000 20 40 23 17.5 14.5 14.2 0 112 08 12,5256 42 |
11/2/96 1600 96 40 21.2 14.5 10 10 0 125 08 12,7622 56
11/3/96 2200 102 40 205 135 95 9 0 120 1 12,993 61
11/4/96 | 400 108 40 20 125 875 85 o] 115 1 13,260.4 62 |
11/4/96 1000 114 40 20.5 NA® 10.5 10 0 109 1 14,076 53
11/4/96 1600 120 40 22 16.5 13 12 0 115 05 13,8252 39
11/4/96 | 2200 126 40 23 17 13.5 13 0 116 05 14.215.8 38
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Actual Schedule Pump Inlet Data Wellhead Data Exhaust Vapor Cumulative Vapor
Day Time | Total | Temp | Vacuum | Straw | Casing | Annulus Aspiration Temp | Pressure | Likjuid Flow | Flow Rate

Hours | (°F) | (m.Hg) | Vacuum | Vacuum | Vacuum | Air Flow Rate | (°F) (psi) (cfm)
11/5/86 400 132 40 25 16.5 135 13 0 112 05 146524 37
11/5/86 1000 138 40 235 186 132 13 0 117 05 15,0809 37
11/5/86 1600 144 40 235 16 13 12.9 0 118 0.5 15,461.1 39
11/5/56 2200 150 40 23 16 13 125 0 120 0.5 15,848.6 39
11/8/96 400 156 40 235 15.5 129 12.3 0 120 0.5 16,174.4 40
11/5/56 1000 162 40 242 152 125 12 0 122 05 16,3113 40
11/5/86 | Post-test (final) NA Na Na NA NA NA NA NA 183225 NA

Notes:

"Vacuum gauge partially plugged. New gauge installed on 2 November 1996.

“Reading not taken
“This large increase in flow was due to excess recircuating of water through fiow meter and back to inlet separator. Recircuation system was re-piped to address
this problem. Flow rates during this interval were adjusted to reflect average of prior flow rates and subsequent flow rates.

cfm = cubic feet per minute
gal =  gallon

inHg = inches in mercury

psi = pounds per square inch
NA = Not apglicable

NIA Not available

(penunuod) 5-¥ 37avL
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Bioslurping/MPE Test: Liquid Recovery vs. Elapsed Time
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NOTE: Operational parameters associated with this figure are included in Table 4-3.
M980280

Figure 4-8. Example Graph (Liquid Recovery) MA Industrial Site. (ENSR Corp. 1997)
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Vacuum Influence vs. Time
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Figure 4-9. Example Graph (Vacuum Influence Data) Squibb Mfg. Site, PR. (ENSR Corp. 1996)
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Figure 4-10. Example Graph (Vacuum Influence Data) LCAAP. (Radian International 1997)
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(6) Further exanples of key reporting paraneters are summari zed in
Tables 4-6 and 4-7 (from Baker and G oher 1998; Radian International 1997; and
FWEC 1997). These tables provide a conparison of data obtained from MPE pil ot
tests performed at chlorinated solvent contam nated sites. Additional studies
have been performed by the Air Force Center for Environnental Excellence
(AFCEE) at a number of MPE sites. Table 4-8 (Kittel et al. 1995) shows product
recovery results at 10 AFCEE sites along with radius of influence and
bi odegradation rate data. Figure 4-13 (Kittel et al. 1995) shows product
recovery versus time for an MPE pilot test performed by AFCEE

4-3. Field Criteria for Evaluating MPE Feasibility Based on a Pilot Test.
There is not a specific set of criteria by which to neasure the success of an
MPE pilot test, nor is there a single criterion that is “make-or-break”; rather
there are various inportant lines of evidence that nust together be weighed to
reach an appropriate judgment as to the success of the pilot test.

a. |If the purpose of MPE is to enhance NAPL recovery, the rate of NAPL
recovery shoul d be conpared to that observed during conventional recovery
wi t hout application of vacuum AFCEE (1997) discusses how this techni que can
be utilized for determining the effectiveness of bioslurping based on a pil ot
test.

b. If the purpose of MPE is to enhance vapor extraction, the contam nant
mass recovered in the gas phase should be conpared to that recovered in the
liquid phase. |If the former exceeds the latter during the pilot test, it would
be an indication that the technology is functioning as intended. |In addition
gas phase mass recovered using SVE al one should be conpared to that recovered
using MPE. Table 4-7 (from Baker and G oher 1998) provides information on VCC
mass extracted in the gas and |liquid phases for several pilot tests. As the
data indicate, all sites showed significantly nore nmass extracted in the gas
phase conpared to the liquid phase. |In TPE applications, it should be noted
that off-gas concentrations at sites containing contam nants that are nore
volatile may increase due to VOC partitioning fromthe liquid to gas phase. 1In
these cases, an increase in gas phase nmass renoval may not be indicative of an
i mprovenent in TPE system performance. There renmains the distinct possibility
that at sone point during the actual renediation, the contani nant nass
recovered in the gas phase may decline and beconme |ess than that recovered in
the liquid phase. Such a change would signal a loss in efficiency.

c. Determ ning Wether the Vacuum Influence within the Subsurface is Well
Distributed as Indicated by Mnitoring Point Data.
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TABLE 4-6
MPE Pilot Test Site Conditions
(Baker and Groher 1998. Reprinted by permission of Battelle Press.
Copyright 1998. All rights reserved)
Depth to | Extraction
Wt er Wel | Screen Hydraul i c
Pri mary Soi | Tabl e I nt erval Conductivity
SI TE Cont am nant s Type ft (m ft (m bgs (cni sec)
bgs
Squi bb
Mg. Co. Di chl or onret hane 3to 20 -6
Site, (MVed ), fill: clay (00-155) (0.9 to X %8,4233
Humacao, M BK, xyl enes : 6.1)
PR
Confi dent 1,2-DCA TCE, silty 20 20 to 30 3 x 107 (c)
ial Site, | o sand, 6. 1 (6.1 to 4 x 10°(d
S. CA silty clay (6.1) 9.1 X (d)
LCAAP . 8 to 18 ‘
Qu1s, TCE, PCE, MBK, |alluvium 5 (2.4 to 9 x 107” (e)
Lake t ol uene silty clay (1.5) 5. 5) 2 x 107 (f)
Gty, MO )
LCAAP .
o) | TeE, Po ot | 7| RS | 2x a0l
Lake t ol uene silty cla (2.1) 7 9) 3 x 10~ (f)
Cty, MO y y .
; ; 1,1, 1-TCA, TCE,
g'ul E:(refmunmd 1, 1-DCE, Freon | acustrine 11 to 32
e 113, Med,, : silts 5 (3.4 to 4 x 10° to
’ et hyl benzene, and sandy (1.5) 9.8) 1 x 10°
Lowel |
VA ' benzene, silts
styrene
Laboratory determ nations on: (a) 1; (c) undeterm ned nunber; (e) 8; and (g) 5
intact soil cores (nmean is reported where applicable). Field determ nations based
on: (b) Mean of slug tests; (d) Nuneric flow nodel calibrated to MPE test; (f)
Modi fi ed punping test conducted during MPE.
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TABLE 4-7
MPE Pilot Test Operating Conditions and Results
(Baker and Groher 1998. Reprinted by permission of Battelle Press.
Copyright 1998. All rights reserved.)
Appl i ed SVE GAE VOC Mass Test
Test Vacuum Rat e Rat e Extract ed Desi gner/
SI TE Lengt h in. Hy scfm gpm as vapor Qper at or
(hr) (kPa) (std. (L/mn) | as liquid
per
nm n)

Squi bb M g. K
Co. Site, 128 @ 6-19 18 0.38 5 Ka | ENsR corp.
Humacao, PR (20-64) (0.5) (1.4) < 1 kg
Confi denti al 4-8 25 0. 07 1, 360 kg
Site, S. CA 160 (14-28) | (0.7) (0. 3) 900 kg~ | ENSR Corp.
A 9-16 35 0.85 379 kg | Fadian int.
ND y, 162 (31-54) (1.0) (3.2 17 kg
AT 162 16- 24 2.4 0.15 70 kg |Radian Int.
ND y, (54-81) (0.07) (0.6) 0.5 kg LLC
Silresim Fost er
Super f und 64 7-25 2 0.8 12 kg Wheel er
Site, (24-85) (0. 06) (3.0) U Env. Corp.
Lowel I, MNA
(1) Data are representative of MPE with drawdown phase of test (128 hr);
bi oslurping (i.e., MPE without drawdown) had first been conducted for 102 hr. (2)
Data are representative of MPE with drawdown portion of test, conducted for 64 hr.
H gh vacuum SVE had first been conducted for 72 hr. Following MPE, SVE with
dewat eri ng usi ng subnersi bl e punps was conducted for 456 hr. (U indicates
undet er m ned.

4-28




EM 1110- 1- 4010
1 Jun 99

TABLE 4-8

Bioslurper Comparative Fuel Recovery Rates and Bioventing Feasibility Study
(Kittel et al. 1995. Reprinted by permission of National Ground Water Association.
Copyright 1995. All rights reserved.)

Average Fuel Recovery (gal/day)

Soil Gas
v - 2-Day 4-day 1-Day 2-Day Radius of | Biodegradation
Skimmer Bioslurper Skimmer | Drawdown | Influence Rate
Base Location Site ID Test Test Test Test (ft) (mg/kg/day)
Bolling AFB, D.C. Bldg. 18 16.9 59.8 8.2 31.2 45 NA
Bolling AFB, D.C. Bldg. 41 0.86 1.14 NA 0.13 47 12910 15.3
Andrews AFB, MA | Bldg. 1845 8.7 78.5 0.7 NA 250 21t0 7.5
Wright-Patterson Well P6-2 4.0 4.65 NA 2.46 10.0 1.3103.2
AFB, OH
Travis AFB, CA JFSA-1 0.0 3.85 0.0 3.76 55.3 61 to 82
Robins AFB, GA UST 70/72 10.85 47.5 4.96 11.5 56 1.8-3.3
Robins AFB, GA SS010 1.41 3.22 NA 0.36 76 6.9-10.7
Kaneohe MCBH, POL Tank 0.0 2.39 0.05 0.0 23 60 to 122
HI Farm
Hickam AFB, HI Area H 34.5 90.9! NA 408.5 NA! 5.1t021
Johnston Atoll DNA Tank 41 29.8 56 3.6 9.5 15.0 3910 8.0

NA Test not performed.

1" Extraction well screen extended to the ground surface causing short-circuting.

4-29




EM 1110- 1- 4010

1 Jun 99

300

Skimmer Bioslurper Skimmer Drawdown
250 /«0/‘
y

~ 200
©
o)
N—r
°
o
o
> 150
o
o
7}
@
©
=1
L 100

50

0 t t t t t t t t

0 20 40 60 80 100 120 140 160 180

M980590.eps Time (hrs)

Figure 4-13. Example Graph: Fuel Recovery versus Time throughout the Bioslurper Pilot Test Performed by
AFCEE at Johnston Atoll, Well JA-4. The four phases of the test are in accordance with the AFCEE
Bioslurping Protocol. (Kittel et al. 1995. Reprinted by permission of National Ground Water Association.
Copyright 1995. All rights reserved.)
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d. Determning the Zone of Effective Air Exchange. Note that the
conventional radius of influence (EM 1110-1-4001, Chapter 4) tends to
overestimate the zone of effective air exchange because at the outer limts of
the capture zone (i.e., where sone arbitrarily small vacuum |l evel nay be
detectable), the travel tine to the MPE well will be unacceptably |ong
However, if the purpose of the applied vacuumis not to pronote airflow in the
vadose zone, but rather to enhance the total gradient driving water and/or

product into the well, then a pressure radius of influence approach nay be
valid. The zone of effective air exchange, by conparison, is nmuch smaller
(Johnson and Ettinger 1994). |If a goal of MPE is to pronote bioventing,

exam nation of oxygen distribution using subsurface nmonitoring points wll
yield an indication of the zone of influence.

e. Preferential flow may be present if any of the follow ng conditions
exist: 1) there is much nore influence observed at one or two depths or
directions relative to the MPE well than others; 2) there is nore influence
observed at a distant nonitoring point than at closer points; or 3) there is no
i nfluence at a significant nunber of nmonitoring points that were pre-tested and
determ ned not to be clogged. Preferential flow of air is not regarded as
favorabl e for MPE unl ess such fl ow pat hways contain a substantial contam nant

mass (Baker and Groher 1998). |If short-circuiting of air has been observed at
the surface such as at the base of a well riser, it nmay be necessary to repair
a surface seal or install a new MPE well. (Foans, such as shaving foam can be

used to detect such | eaks; the foamcollapses if air |eakage under vacuumis
occurring).

f. The efficiency of the extraction well, based on a conparison of the
applied vacuumwi th that nmeasured within an annular nonitoring point (as
descri bed in EM 1110- 1-4001, Chapter 4), nust be identified in order to
determ ne whether the well can be used for MPE and whether the pilot test
produced unfavorable results due to an inefficient well.

g. On the basis of neutron probe neasurenents, the degree to which the
soil was able to be dewatered or desaturated should be determ ned. |If
saturation values renmain high within zones targeted for MPE, gas-phase nass
transfer will tend to be very inefficient and mass transfer will have to occur
mostly within the liquid phase. |If NAPL recovery is a goal of the renediation
mai nt ai ni ng hi gh NAPL saturations in extracted |iquids should be pursued. |If
NAPL recovery is not a goal, however, the resulting predom nantly |iquid-phase
mass transfer process will suffer fromthe sane |imtations that are common to
punp- and-treat.

h. If inducenment of subsurface airflowis an objective, the induced
vacuuns shoul d be conpared with the capillary pressure-saturation curves
obtained fromrepresentative, intact soil cores. Specifically, it should be
determ ned whet her the air energence pressure (paragraph 2-5e(5)(a) based on
the soil cores was achieved at the various soil gas nonitoring points during
MPE.

i. The behavior of the free water surface should be nmeasured within
monitoring wells in order to deternmne if MPE controlled upwelling as intended,
and to determ ne whether the extent of the groundwater zone of influence was
satisfactory.

j. If the equiprment did not operate as expected during the pilot test,
operating nmal functions or problenms nay indicate design problems. Formation of
enul sions that prove difficult to break can render vacuum enhanced NAPL
recovery probl ematic.
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k. Calculations should be nmade as to what fraction of the estinated
contam nant mass within the zone of effective air exchange was extracted during
the pilot test. Although one should not expect a high mass renpbval over the
short period of the pilot test (unless the goal is NAPL recovery and the NAPL
plume is relatively small), it may be useful to estimate this fraction and
j udge how prom sing the technology is fromthe result.

|. Hydraulic paraneters of the subsurface (e.g., hydraulic conductivity)
and NAPL perneability estinmates are inportant to obtain during pilot tests (see
paragraph 4-2(f)(2).

m |If the pilot test had to be conducted for a |onger period than
originally intended due to specific reasons, they nmay suggest potenti al
limtations to the applicability of MPE to the site
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